There are many proposals to extend the Standard Model designed to deal with its fundamental inconsistencies. Since no new particles have been detected experimentally so far, the models which add only one more scalar particle and possibly right-chiral neutrinos are favored. One of them is the Conformal Standard Model, which proposes a coherent solution to the Standard Model drawbacks including the hierarchy problem and a dark matter candidate. On the other hand there are signs that gravity is asymptotically safe. If there are no intermediate scales between electroweak and Planck scale then the Conformal Standard Model supplemented with asymptotically safe gravity can be valid up to arbitrarily high energies and give a complete description of particle physics phenomena. Moreover asymptotic safety hypothesis restricts the mass of the second scalar particle to 300 ± 28 GeV. The masses of heavy neutrinos can also be estimated as 683 ± 83 GeV so these predictions can be explicitly tested in the nearby future.
INTRODUCTION
In the recent years there were many extensions of the Standard Model (SM) proposed dealing with the SM drawbacks like triviality, strong CP and hierarchy problems and also lack of dark matter candidates. Examples of these extensions include Grand Unification Theories (GUT) [1, 2] , supersymmetric models [3] [4] [5] , Higgs portal models [6, 7] or the Conformal Standard Model [8] [9] [10] . Usually free parameters of these models, like masses of predicted new particles, are known neither theoretically nor experimentally. Possibility of narrowing them down, using some theoretical reasoning, to a small interval would be a huge advantage in the search for new particles and interactions. One way to restrict the low energy values of couplings is to add the gravitational corrections to the β functions and demand the asymptotic safety condition (AS) on the running of renormalisation group equations (RGE) for given initial conditions [11] . Then, if a model satisfies AS conditions, it can be treated as a fundamental UV theory. These conditions impose bounds on the model low energy free parameters values, which are initial conditions for RGE. However this reasoning is valid only if gravity indeed has a non-perturbative asymptotically safe fixed point. This hypothesis [12] is currently under investigation, also with the help of Functional Renormalisation Group, see [13] [14] [15] [16] [17] . In this letter we will assume that this hypothesis holds. In case of SM this framework was used to predict the Higgs mass in 2010 [11] . In our letter we present the application of the asymptotic safety approach to a class of extensions of the Standard Model to make specific, theoretical predictions for new particles' couplings and masses. The Large Hadron Collider (LHC) hasn't detected any discrepancies from the Standard Model, with no signs of supersymmetry. This is why the Higgs portal models at-tract a lot of attention as they can deal, in principle, with the drawbacks of the Standard Model without changing its structure deeply and adding only a few particles to the SM. In particular we analyse the Conformal Standard Model (CSM) [8] [9] [10] . This model extends SM by adding effectively one new scalar particle with its phase as a dark matter candidate and right-chiral neutrinos. The CSM hovewer (like most of other models) doesn't take into account the gravitational effects. Using the AS conditions we are able to calculate the allowed range of Higgs and the second scalar coupling parameters such that the CSM can be a UV complete theory. Moreover by taking into account the experimental LHC data and the model restrictions for the values of free parameters, we are able to predict the allowed second scalar mass. We can also narrow down the mass of right-chiral neutrinos. One should also mention that there are some studies on models with asymptotically safe behaviour without taking into account gravitational corrections [18, 19] .
MODEL AND METHOD

Higgs portal models and Conformal Standard Model
In this paragraph we briefly introduce the Conformal Standard Model where the so called Softly Broken Conformal Symmetry mechanism [20] was used which relies on effective field theory approach and cancelations of quadratic divergences at certain scales. In the light of this article it can be understood as an effect of asymptotically safe quantum gravity. The extended Higgs sector lagrangian reads: (1) arXiv:1810.08461v1 [hep-ph] 19 Oct 2018 with the potential:
For the potential (2), if we assume that the vacuum expectation values are:
then we have the tree-level mass parameters:
Hence the model possesses two particles of masses: m 1 , m 2 , where m 1 is the Higgs particle mass. The potential is bounded from below if:
If, in addition to (5) 
We assume that its value is restricted by | tan β| < 0.35 what is the limit allowed by the present LHC data. This constraint will be used to narrow down the possible values of m 2 .
In the Conformal Standard Model the coupling constant y M is introduced, which is a part of Yukawa matrix responsible for interactions of right-chiral neutrinos with the sterile scalar field:
In the case of CSM the degeneracy of Yukawa couplings Y M = y M δ ij is assumed, which amplifies the CP violation and makes the resonant leptogenesis scenario possible, see [9, 10, 21] for details. The masses of right-chiral neutrinos are given by:
for leptogenesis to take place, one requires: M N > m 2 , so that the heavy neutrinos can decay. Moreover the Conformal Standard Model introduces a phase of the second scalar particle, called minoron, which can be a potential dark matter candidate, with mass v 4 φ /M 2 P originating from quantum gravity effects. The CSM beta functionsβ CSM = 16π 2 β CSM are given by [10] :
Asymptotic safety and gravitational corrections
The Weinbergs' notion of asymptotic safety (AS) [12] can be summarised by his quote: "A theory is said to be asymptotically safe if the 'essential' coupling parameters approach a fixed point as the momentum scale of their renormalisation point goes to infinity." Let us assume that g is a set of all the couplings of a theory and let g| µ0 be a given a set of initial conditions at some momentum scale µ 0 that we take here as the top mass scale: µ 0 = 173.34 GeV. These initial conditions together with the set of equations for running of couplings
describe completely and uniquely the behaviour of a physical theory. If for some g i we have β i (g * ) = 0, then we call this g * a fixed point of the i-th equation. The stable fixed points are called attractors, the unstable one are called repellers. If g * ≡ 0 we call such a point a Gaussian fixed point and such theories are called asymptotically free, otherwise we call it a non-Gaussian/interacting fixed point and such theories are called asymptotically safe. If equation for running of the coupling g i possesses only unstable fixed points at UV scales, then there is only one low energy initial initial condition g i | µ0 per repeller such that the theory is fundamental up to the UV scale. The Standard Model (and its extensions) β functions are modified with the gravitational corrections at high energies [11, 13, [22] [23] [24] [25] [26] [27] :
Due to the universal character of gravitational interactions the gravitational contributions to the beta functions acquire the general form [11, 13, 22, 26, 27] :
where M P = (8πG N ) −1/2 = 2.4 × 10 18 GeV is the low energy Planck mass, hence the gravitational corrections are heavily suppressed below the Planck scale. ξ 0 is some dimensionless constant. One can see that larger ξ 0 results in switching the gravitational corrections at larger scales. Moreover large ξ 0 ∼ O(1) effectively turns off the corrections such that the theory cannot be asymptotically safe. The actual value of ξ 0 is chosen as ξ 0 ≈ 0.024 based on the results in [25, 28, 29] . The a i are dimensionless constants and can be calculated for a given coupling. According to [22, 23, 27] one should take a g1 = a g2 = g g3 = −1 and a yt = −0.5. Since y M is a gauge coupling we also take a y M = −1, also because a y M > 0 is a trivial case. In the light of [11, 27, 29, 30] one should take a λ1 = +3. We claim that all of the a λi have the same absolute value, which can be supported by the calculations done for the Higgs Portal Models [31] , however these parameters haven't been calculated explicitly for the CSM yet. We have scanned over the values of |a λi | ∈ [3, 10) . It turned out that its value affects the scale when the gravitational corrections are turning on, however its change affects the allowed mass very weakly, of the order of ±2 GeV. Indeed, the sign of a i is much more important than its exact value because the positive sign corresponds to the unstable Gaussian fixed point while the negative to the stable one. Hence we assume: a λ2 = ±3, a λ3 = ±3.
The asymptotic safety allows us to treat (extensions of) the Standard Model as fundamental (UV complete) but under the condition that the running of coupling constants doesn't possess any pathological behaviour up to the Planck scale. It imposes two conditions [10, 11] , we will call them asymptotic safety (AS) conditions. First, there should be no Landau poles up to the Planck scale.
Second, the electroweak vacuum should be stable for all scales:
for all µ. The next paragraph is dedicated to the calculation of the lambda-couplings (λ 1 , λ 2 , λ 3 ) satisfying the above conditions.
CALCULATION OF LAMBDA COUPLINGS
In this paragraph we calculate the set of allowed lambda-couplings satisfying the asymptotic safety conditions. If not specified otherwise, the value of a coupling (for example on the plots below) means its value at µ 0 = m top . The gauge and Yukawa couplings renormalisation group equations dynamics is not affected by the running of λ i and y M . Hence, inserting the low-energy experimental values taken from [27] the evolution of these couplings with energy is obtained. The running of y M is also independent from all other couplings. The experimental value for y M is unknown so to obtain the allowed λ i one has to scan over all possible values of y M . Using the AS conditions we have calculated the allowed interval of y M for a y M = −1 as y M ∈ [0.0, 0.925]. We plug the evolution of the gauge and Yukawa couplings and each allowed y M into coupled equations for λ 1 , λ 2 , λ 3 . Moreover, the a i coefficients are such that the theory becomes asymptotically free with no non-Gaussian fixed points, see [11] for further details. In result we are looking for the sets of initial values y M , λ i such that they will all drop to zero near the Planck scale. Such behaviour makes the theory fundamental.
We start with the most general case, when a λ2 = a λ3 = −3. Then λ 2 , λ 3 and y M form a 3D manifold M of allowed couplings (λ 2 and λ 3 depend mutually on each other and on y M ). This manifold looks roughly like a sea wave, where y M is the height. The λ 1 renormalisation group equation is affected directly only by λ 3 , however the running of λ 3 depends on λ 2 and y M . However, the running of λ 1 doesn't depend on a λ2 . The spread due to different λ 2 , y M is marked as the darker area on the plot below. We have calculated λ 1 (λ 3 ) for the maximal span of λ 3 , however not all λ 3 from the interval λ 3 ∈ [−0.06, 0.16] are allowed simultaneously.
FIG. 2. Higgs quartic coupling
Coefficients: a λ 3 = −3, a λ 2 = +3 For this case the domain of allowed λ 3 and y M is smaller than for M. However for this domain we have: The numbers on the plot are the curves for same allowed values of λ 2 for given λ 3 and y M , while the contours of the plot represents the allowed surface in λ 3 and y M .
In this case, we found that only λ 3 = 0 satisfies the AS conditions, hence λ 3 stays zero at all energy scales. Then the second scalar sector is decoupled from the rest of Standard Model, which makes it a scalar dark matter candidate, like in [31] . The numerical solution for λ 1 gives λ 1 = 0.1537, which obviously agrees the Standard Model predictions from asymptotic safety, see [11, 27] .
The allowed region for λ 2 is determined by the AS conditions for this coupling and depends heavily on y M . We checked that the allowed value for λ 2 shown on the Fig. [4] is the sub-manifold of M with the condition λ 3 = 0.0. We have also calculated that λ 2 (a λ2 = +3) mimics the lower bound for λ 2 (a λ2 = −3). Moreover this bound is the same as for the running of λ 2 without gravitational corrections.
THE SECOND SCALAR MASS
In this paragraph we calculate the v φ and m 2 for all allowed lambda-couplings from M, since all other cases are its submanifolds. In our letter we assume that the CSM tree level relations (4) hold. This assumption restricts λ 3 to be nonnegative, otherwise, according to the plot Fig. [2] one would obtain negative values for v 2 φ . We expect, following the analysis made for Higgs particle only, that one-loop effects will have the contribution of order 10 GeV on the tree level relations. For the decoupled case one obtains λ 1 = 0.1537, which is the same as for SM, hence the tree level Higgs mass is given by:
We hope that the loop effects bring it down to the actual Higgs mass. In order to calculate v φ and m 2 at tree level we take v H = 246 GeV. Obviously we are able to predict the m 2 and v φ only in the case when the second scalar sector is coupled to the SM sector. Hence, we restrict only to the case when: λ 3 = 0. For small λ 3 tiny changes in λ 1 results in enormous changes in v φ , so we treat λ 3 < 0.01 as a decoupled case. Our claim that λ 3 should be large enough can also be justified with the LHC condition | tan β| < 0.35, because small λ 3 results in large β. Moreover, we assume that φ can decay into two h particles, then at the tree level we have: 2m 1 < m 2 .
Once these two bounds are taken into account we obtain the allowed ranges for the second scalar mass:
They also restrict y M to be in range 0.71 − 0.84 and v φ = 620 ± 25 GeV. Also λ 1 , λ 2 , λ 3 satisfy the global stability conditions at M top . The proposed leptogenesis scenario can work for the Conformal Standard Model, only if right-chiral neutrinos are unstable (m 2 < y M v φ / √ 2). Hence, the masses of heavy neutrinos are given by:
We have also analyzed the running of the β functions for m 2 and m 1 , where we took a mi = −1. It gives no new bounds on m 2 and lambda-couplings. This result is in close relation with scenario B analysed in [31] , however in our case the φ particle isn't decoupled from SM.
CONCLUSIONS
Our investigation shows that the Conformal Standard Model has a set of parameters compatible with the AS conditions, hence can be UV fundamental theory and [10] : "allows for a comprehensive treatment of all outstanding problems of particle physics." Moreover, CSM can be slightly modified to incorporate an inflation scenario [32, 33] , which agrees with 2013 Planck data analysis [34] [35] [36] . Inflation can also take place due to the asymptotically safe scenario [37] . The restrictions on the couplings and masses derived in this letter are one of the first beyond Standard Model predictions for free parameters of such models. The lambdacouplings can be directly measured (or explicitly calculated from masses of the new scalar particles) in LHC or indirectly measured in cosmological experiments. In particular our investigation supports the claim [38] , that the excess of events with four charged leptons at E ∼ 325 GeV seen by the CDF [39] and CMS [40] Collaborations can be identified with a detection of a new 'sterile' scalar particle proposed by the Conformal Standard Model. We hope that our analysis will be helpful in search for new particles at LHC and future colliders and the new scalar particle predicted by this model can be detected in the nearby future.
